The incidence of esophageal adenocarcinoma has been rising in many countries, while esophageal squamous cell carcinoma has remained stable or even declined in the same populations over the identical periods. These differences in trends indicate that these cancer subtypes may have a different etiology, which may be caused by lifestyle factors such as alcohol consumption and cigarette smoking. Therefore, a matched case-control study to clarify the risk factors of alcohol and tobacco intake on the development of esophageal adenocarcinoma was collected in Hebei Province of China. The life expectancy of the study area was around 70 years old. In the present study, 98 patients younger than 65 years who were diagnosed with esophageal adenocarcinoma and had initial surgeries (cases) were matched with 294 healthy adults (controls) at a ratio of 1:3 according to sex and age. We found the proportions of drinkers and smokers among cases were 48.0% and 60.2%, respectively, versus 21.2% and 43.5% among controls. Univariate conditional logistic regression analyses revealed that the odds ratios (ORs) showed a nearly monotonic increase for the duration of alcohol consumption and duration of tobacco smoking. Multivariate conditional logistic regression analysis indicated that only alcohol consumption was a significant risk factor for esophageal adenocarcinoma. Additional analysis of the combination of amount and duration of alcohol consumption indicated that heavy drinkers (> 30 ml/day) had significantly higher ORs, irrespective of the duration of alcohol consumption. In conclusion, heavy alcohol consumption increases the risk for esophageal adenocarcinoma independent of the duration of such consumption.
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The incidence of esophageal adenocarcinoma has been rising in many countries. In some populations this increase has been faster than that for any other major cancers. In contrast, the incidence of esophageal squamous cell carcinoma has remained stable or even declined in the same populations over the identical time periods (Blot et al. 1991; Pera et al. 1993; Chen et al. 1995; Devesa et al. 1998; Wei and Shaheen 2003) . In the United States, the incidence of esophageal adenocarcinoma rose approximately six-fold, between 1975 to 2000 (Pohl and Welch 2005; Brown et al. 2008) . Incidence has also been increasing in other Western countries, including the Netherlands and the United Kingdom (Botterweck et al. 2000; Bollschweiler et al. 2001; Crane et al. 2007 ). In China, economic conditions and the living environment have considerably improved over the past several decades. Nevertheless, studies have shown an increase in esophageal adenocarcinoma in both municipal and rural regions during this period (Fan et al. 2008) .
The risk factors for squamous cell carcinoma have been well studied, low income, smoking, high alcohol intake, and low intake of raw fruits and vegetables account for a high proportion of new cases of esophageal squamous cell carcinoma (Brown et al. 2001; Engel et al. 2003; Freedman et al. 2007 ). However, factors underlying the rising incidence of esophageal adenocarcinoma are unclear. Alcohol consumption and tobacco smoking are established risk factors for esophageal cancer. However, they may be differentially associated with esophageal squamous cell carcinoma and esophageal adenocarcinoma. Therefore, it is important to identify the risk factors of esophageal adenocarcinoma, as such understanding could help reduce the incidence of this disease if the risk factors include controllable lifestyle factors such as tobacco and alcohol use.
We evaluated the effects of tobacco smoking, alcohol consumption, diet habit, and family history of cancer on the incidence of esophageal adenocarcinoma. In particular, we attempted to estimate the interactive correlation with the amount and duration of alcohol and tobacco use. For this purpose, matched pair data consisting of a group of patients with esophageal adenocarcinoma and their lifestyle factors were collected using data from a case-control study conducted in Hebei Province, China.
Subjects and Methods

Study design
In this matched case-control study, 98 patients with ages below 65 years who had been diagnosed with esophageal adenocarcinoma and had initial surgery (cases) were matched with 294 healthy adults (controls). Using the software R packages, the cases were matched with controls at a ratio of 1:3 according to gender and age. Eligible subjects were adults living in the city of Shijiazhuang, Hebei Province, China. Before the interview survey, the subjects were informed of all study objectives and the content of this research. The research protocol was approved by the local ethics committee and the research committee of Hebei Medical University.
Subjects
The cases were 98 patients who underwent initial resection for esophageal adenocarcinoma between January 2002 and December 2006 at the Fourth Hospital of Hebei Medical University in Shijiazhuang, Hebei Province. All patients were diagnosed by histological examination. Using a physical examination database, 3076 healthy persons who lived in Hebei Province from 2002 to 2006 were enrolled as controls and underwent medical checkups.
Risk factors
The factors and categories used in the study are shown in Tables  1 and 2 . Data for subjects were obtained from hospital medical records (for cases) or from the check-up forms from physical examinations (for controls). Information on alcohol consumption consisted of average grams of alcohol consumed per day, type of alcoholic beverage consumed, lifetime duration of alcohol use, ages when alcohol consumption began and quitted, and number of years since quitting. The type of beverage consumed was classified as baijiu, beer, and other liquors. Baijiu is a Chinese distilled alcoholic beverage usually made from sorghum or glutinous rice. It is the most popular liquor in China and contains 40% to 60% alcohol by volume on average. Chinese usually drink baijiu in a single swallow from a 20 to 30 ml glass, without a chaser. The average daily amount of alcohol was calculated by using alcohol exchange rates of 40% for baijiu, 5% for beer, 12% for wine, and 4% for hard liquor. One drink was defined as 50 ml of baijiu, 400 ml of beer, 167 ml of wine, or 50 ml of hard liquor. A nondrinker was defined as someone who consumed less than 1 drink per month. The total amount of pure alcohol consumed per day was calculated using the abovementioned alcohol percentages.
Finally, the risk factors used in this study were summarized with respect to the amount of alcohol per day, the duration of alcohol consumption (years), the interaction between the amount and duration of alcohol consumption; the number of cigarettes per day, the duration of tobacco smoking (years), the interaction between the amount and duration of tobacco smoking; the diet habit and family history of cancer. The interaction between the amount and duration of alcohol consumption for 20 grams of alcohol per day for 10 years and that for 10 grams of alcohol per day for 20 years were distinguished by slightly modifying partial dummy variables, as described in the next section. In other words, their interactions represent the patterns or habits of drinking consumption and smoking.
Statistical analysis
We performed univariate and multivariate conditional logistic regression analyses to estimate odds ratios (ORs) and the corresponding 95% confidence intervals (CIs). ORs represent the increased odds of incident esophageal adenocarcinoma among cases as compared with controls. The candidate factors were amount of alcohol consumption, duration of alcohol consumption, interaction between the amount and duration of alcohol consumption, amount of tobacco smoked, duration of tobacco smoking, interaction between the amount and duration of tobacco smoking, diet habit, and family history of cancer. Amount and duration were divided into 4 categories. The cut-off thresholds of categorical variables were determined by common usage informed by interview before analysis. These variables were then converted into the dummy variables with 3 categories. The reference categories were defined as nonsmokers and/or nondrinkers. For the interaction between the amount and duration of alcohol consumption, the dummy variable was created so that individuals drinking 10 milliliters per day for 20 years could be discriminated from those drinking 20 milliliters per day for 10 years, even though the total amounts consumed are identical. The diet habit was categorized as hot, fast, hot plus fast and roughage food four kinds'habits compare to normal; and family history of cancer was separated as had or hadn't by yes and no. All statistical analyses were performed using SAS 9.1. A P value less than 0.05 was considered statistically significant for all tests.
Results
Subject characteristics
The life expectancy of the study area was around 70 years old. To avoid interference from the presence of numerous factors related to age, we selected cases and controls that were younger than 65 years. The demographic characteristics of cases and controls are shown in Table 1 . There were 34 cases and 102 controls younger than 54 years, and 64 cases and 192 controls 55 to 64 years of age. As anticipated, there were higher proportions of non-drinkers and non-smokers among controls. However, the proportions of individuals with a normal diet habit and a family history of cancer were almost equal in cases and controls. Among regular drinkers, there was a higher proportion of heavy drinking and higher proportions for each duration of alcohol use in cases as compared with controls. Among regular smokers, there were slightly higher proportions of cases for each amount and duration of tobacco use. Table 2 shows the detailed distributions of alcohol and tobacco use. Among subjects consuming more than 30 ml of alcohol per day, there were higher proportions of cases than controls for all durations of alcohol consumption.
Estimation of the risk for esophageal adenocarcinoma by univariate conditional logistic regression analysis
Conditional logistic regression analysis was performed to estimate the risk for incident esophageal adeno carcinoma. Table 3 shows the OR and corresponding 95% CI for each candidate risk factor. The ORs for the durations of alcohol consumption and tobacco smoking tended to monotonically increase with increasing duration. Regard ing duration of alcohol consumption, the estimated ORs for < 16 years, 16 to 25 years, and > 25 years were 3.11, 4.44, and 7.61, respectively. Regarding duration of tobacco smoking, the ORs for < 21 years, 21 to 30 years, and > 30 years were 2.48, 3.89, and 3.65, respectively.
However, the ORs for amount of alcohol consumed and amount of tobacco smoked were not always monotonic. With respect to the former, the ORs for < 15, 15 to 30, and > 30 ml/day were estimated at 2.79, 1.87, and 10.58, respectively. The OR for consumption of > 30 ml/day was markedly higher (P < 0.001). In contrast, the ORs for amount of tobacco smoked ranged from approximately 2 to 4. Diet habit and family history of cancer were not associated with esophageal adenocarcinoma. These factors were thus removed from subsequent analysis.
Interaction between alcohol consumption and tobacco smoking and the risk of esophageal adenocarcinoma
Three variables -alcohol consumption, tobacco smoking, and their interaction -were used to calculate estimated coefficients, standard errors, and P values by means of conditional logistic regression analysis of the risk of esophageal adenocarcinoma (Table 4) . On multivariate analysis, the estimated regression coefficients for alcohol consumption, tobacco smoking, and their interaction were 1.28, 0.72, and 0.07 (P = 0.04, 0.11, and 0.92), respectively, which indicates that alcohol consumption is a significant risk factor for esophageal adenocarcinoma and that tobacco smoking had no synergistic effect on esophageal adenocar- a Age refers to age at diagnosis for cases and age at time of medical checkup for controls.
cinoma incidence.
Risk of esophageal adenocarcinoma with respect to the combination of the amount and duration of alcohol consumption
Univariate conditional logistic regression analysis was used to estimate ORs for categories that combined the amount and duration of alcohol consumption (Table 5 ). The analysis revealed that, as compared with non-drinkers, consumption of > 30 ml/day of alcohol was associated with significantly higher ORs (< 16 yr: OR, 5.45; 16-25 yr: OR, 9.07; > 25 yr: OR, 24.56), irrespective of the duration of alcohol consumption. However, the ORs of the groups with the lowest daily alcohol consumption were always less than 5, and the lowest OR for esophageal adenocarcinoma among drinkers was 1.24.
Discussion
Primary adenocarcinoma of the esophagus was uncommon in the past, representing only 10 percent of all esophageal cancers. However, during the past decade there has been a striking increase in incidence. Although the cause of this dramatic increase is unclear, recent studies have shown a marked similarity in age distribution, sex ratio, race, clinical presentation, and pathologic features between adenocarcinoma in Barrett's esophagus and adenocarcinoma of the cardia, which suggests that there are common etiologic factors between these two conditions, such as gastroesophageal reflux and increased alcohol and tobacco consumption (Brown and Devesa 2002; Post et al. 2007; Brown et al. 2008 ). This prompted us to conduct the current study, which sought to clarify the adverse effects of alcohol and tobacco useage on the development of esophageal adenocarcinoma. Our findings clearly demonstrated that alcohol consumption is an independent risk factor for esophageal adenocarcinoma, after adjusting for the effect of tobacco smoking, and that heavy daily alcohol consumption dramatically increased the risk for esophageal adenocarcinoma, independent of the duration.
In a previous study, we found that tobacco and alcohol use were the dominant risk factors for esophageal squamous cell carcinoma in this region of China (Chen et al. 2010) , whereas the present findings revealed that the dominant risk factor for esophageal adenocarcinoma was heavy alcohol consumption, and that tobacco smoking was only a weak risk factor. On univariate analysis, the highest ORs with respect to the duration of use were 7.61 for alcohol consumption longer than 25 years and 3.89 for tobacco smoking for 21 to 30 years. The highest ORs with respect to amount used per day were 10.58 for > 30 ml of alcohol per day and 3.64 for smoking 11 to 20 cigarettes per day. In both cases, the ORs for alcohol use were considerably higher than those associated with tobacco use.
The interaction between tobacco smoking and alcohol drinking has been extensively studied, and it has been suggested that they interact in a multiplicative manner with respect to the risk of esophageal cancer (De Stefani et al. 1990; Lee et al. 2007; Brown et al. 2008 ). However, Steevens et al. (2010) found no interaction effect in their prospective study of the risk of adenocarcinoma. Their Table 2. Contingency table for results and those of the present study indicate that the joint effect of smoking and alcohol might not be a significant factor in all populations. On conditional logistic regression analysis, the estimated coefficient of interaction between tobacco smoking and alcohol drinking (0.07) was lower than those for alcohol drinking (1.28) and tobacco smoking (0.72) alone. The interaction of smoking and drinking in adenocarcinoma is different to what was observed in squamous cell carcinoma, which is mainly esophageal cancer.
Using conditional logistic regression analysis, we found that the interaction between the amount and duration of alcohol consumption (i.e., average daily alcohol intake multiplied by duration of intake) was the most significant risk factor in the incidence of esophageal adenocarcinoma. This finding is of particular interest because it indicates that the interaction between the amount and duration of alcohol consumption has more predictive power than either of these two factors considered individually. As shown in Table 5 , heavy drinkers had the highest risk for esophageal adenocarcinoma, particularly those who consumed more than 30 milliliters daily. The ORs for heavy drinkers were 5 to 24 times of those of non-drinkers. The strength of our study was its use of a case-control design to estimate the effects of the amount and duration of alcohol and tobacco use separately and in combination. However, this study did have limitations that warrant discussion. In China, the main type of esophageal cancer is squamous cell carcinoma. Because of this, the sample size was smaller than expected, which could result in bias. However, to address this, we used 1:3 matching to increase accuracy. Due to the life expectancy of study area was around 70 years old and people older than 65 are subject to complications of multiple diseases, only those people younger than 65 years old were selected for the study. As a local guidance of therapeutic principle, the first choice of treatment to the esophageal cancer patients was surgery operation. So the cases were selected from postoperated patients and excluded nonoperable esophageal cancer patients. We estimated the risks for esophageal adenocarcinoma using information on alcohol, smoking, family history of cancer, and diet; we did not collect data on other possible risk factors, e.g., social status, because we were unable to obtain precise data on income and diet in healthy people in Hebei Province, particularly among agricultural workers. And also some other potential risk factors, such as gastroesophageal reflux disease, and body mass index, were not included in due to the lower prevalence or imperfect of the data source (Ho et al. 1998; Dent et al. 2005; Yu 2011 ). Finally, because only a very small number of people (less than three percent in each group) successfully quit drinking or smoking in this study, we could not include cessation of alcohol or tobacco use in the analysis. Nevertheless, assuming our findings reflect true causal associations, it seems prudent to advise heavy drinkers to undergo more frequent physical examinations, which might result in earlier diagnosis of this cancer.
Conclusions
Our results confirm that alcohol consumption, especially heavy alcohol use, increases the risk of esophageal adenocarcinoma. From a public health perspective, our findings indicate that heavy alcohol users are at a particularly high risk of esophageal adenocarcinoma, especially the 14.8% of this population who consume more than 30 ml of alcohol per day. We expect that future studies will identify more sensitive risk factors for esophageal adenocarcinoma. 
